In order to test whether the direct molecular diagnostic approach for fragile X mental retardation (Martin-Bell syndrome, MBS) really makes diagnosis of this disease more precise, we evaluated the results of direct diagnosis in 40 German families at risk together with the results of an earlier study with closely linked flanking markers in the same families. Of 84 men analysed, 43 showed clinical signs. In 39 of these affected men the disease could be confirmed by direct diagnosis. Compared to cytogenetic data, one man was false negative and two were false positive. Two men, whose status could not be determined by means of RFLP data, proved to be normal transmitting males (NTMs). However, the possibility of being an NTM had to be rejected in one case on RFLP data. Fragile X syndrome could be confirmed in 10 of the 13 women with clinical signs. Compared to cytogenetic data there were three cases of false negative results and one of false positive. All 36 obligate carrier women were detected by the direct approach. In addition, 22 women were newly identified as normal transmitting females (NTFs), among them one woman who could not be identified by cytogenetic means or by analysis with closely linked markers.
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These findings are discussed in view of the relative reliability of the three diagnostic approaches to MBS. Special attention is drawn to the significance of false negative and false positive results in direct diagnosis. (J Med Genet 1993; 30:193- In 1991 the analysis of the molecular structure at Xq27.3 and the discovery of the FMR-1 gene' made a direct molecular approach for diagnosis of the Martin-Bell-syndrome pos- First, as the CGG number varies in normal persons too, it was necessary to determine the hybridisation pattern of both probes in normal persons and members of fra(X) pedigrees. In more than 100 unrelated female controls no aberrant extra bands were seen with probe pE5. 1 even on long electrophoretic runs, indicating that normal repeat variation cannot be discriminated by use of this probe (data not shown). Instead, variation of the CGG number was estimated using pfxa3 on PstI blots (fig 2) . All persons subsequently identified as being healthy carriers (NTMs and NTFs, n = 66) had between 54 and 200 CGG repeats. Affected persons of both sexes (n= 56) had aberrant bands with at least 260 copies of CGG.
After completion of the direct study, we identified the probands and compared the results of cytogenetic analyses and indirect and direct molecular diagnosis. For this purpose we divided into categories normal transmitting males and females, affected males and females, and normal subjects from fra(X) families (tables 1 and 2).
All but one of the 26 cytogenetically positive men out of 43 with clinical signs showed aberrations on direct diagnosis (fig 1) . Among the 13 women with clinical signs of MBS, nine were cytogenetically positive. Of these women, three showed no aberration. On the other hand there were two cytogenetically negative men who were clearly aberrant, and therefore positive on direct diagnosis. Correspondingly one cytogenetically negative woman was positive by direct diagnosis.
Normal transmitting males and their healthy daughters, normal transmitting females, never or rarely exhibit the fragile site. Eight of the men turned out to be NTMs. As (fig 3) , both affected brothers had aberrations.
While one brother showed one enlarged fragment, the other one, with three clearly distinct bands, was an excellent example of somatic heterogeneity of the CGG repeat region in fra (X) patients. A healthy brother of these two boys showed a normal fragment, thus indicating that he is not even a normal transmitting male. The carrier mother of the family and the only sister were heterozygous in terms of hybridisation with pE5.1, although the bands are not clearly separated from each other and have fused into one thick band. Nevertheless, by this investigation the carriership of the daughter was confirmed.
Another example of direct diagnosis with pE5.1 is shown in fig 4. Four healthy sisters show an additional aberrant fragment at roughly 5-3 to 5-4 kb beside their normal band. They are clear NTFs. As the grandparents are dead, the question of whether the disease had been transmitted via the grandmother or grandfather can only be answered in terms of Figure 3 Direct molecular diagnosis in a family at risk for MBS with probe pE5.1. Shaded symbols = affected, half shaded= a carrier. Lane 8 contains a normal control. Normal band position is 5-2 kb, a 'constitutive' band is marked by a sole horizontal bar.
probability. As transmission via the grandmother statistically has only a 6% probability, it seems more likely that all four daughters have inherited the mutated allele from their normal transmitting (grand)father. In the affected son of one of the carrier women the normal band is absent and instead there is a clearly aberrant one. One of his cousins is healthy and normal in terms of the fra(X) gene, the other affected one lacks the normal band, but he has a different pattern of aberration. His affected sister shows the same aberration on one of her X chromosomes. His healthy sister instead shows a faint smear of bands between the normal band and a constitutive band at roughly 7 kb. The aberrations of both sisters can be seen more clearly in the autoradiograph derived from analysis with the more sensitive probe pfxa3.
As expected, all affected persons in the pedigree have inherited the same X chromosome from their ancestors, as shown by RFLP data. According to her abnormal band pattern even the healthy girl has inherited this chromosome from her mother too, and in these terms cannot be discriminated from her affected sister. Moreover, this girl is clearly positive on cytogenetic testing.
Discussion
Owing to the unusual mode of inheritance of MBS there are four classes of mutation carriers: affected males and females and normal transmitting males and females. It is generally accepted that fragile X mental retardation is the result of a two step mutation. The daughters. These daughters are healthy, but obligate carriers, so called normal transmitting females. The premutation creates a predisposition for further amplification of the CGG repeat during oogenesis.
This further amplification of the CGG repeat is the second mutational step and is called the full mutation. As the term predisposition suggests, the full mutation does not take place in all premutated oocytes but in most of them. As a result, 80% of grandsons and 30% to 50% of granddaughters who inherit the abnormal X chromosome develop the full disease, whereas 20% of the grandsons and 50% to 70% of the granddaughters with the mutated X chromosome are healthy but again normal transmitting carriers. This makes prenatal diagnosis difficult, especially because only a positive cytogenetic test is reliable but not a negative one. Under these preconditions, a method for the diagnosis of MBS must fulfil four requirements: (1) diagnosis of the disease, (2) clear identification of carriers of both sexes, (3) reliable prenatal diagnosis, (4) predictive discrimination of carriers of both sexes with and without symptoms of the disease prenatally or later on before puberty.
While reliability of the cytogenetic tests is limited and RFLP analyses, apart from the possibility of total uninformativity, ignore the special problems in prenatal diagnosis of fra (X), the direct approach promises to overcome most of these difficulties. As for prenatal diagnosis there still remains some uncertainty in interpreting direct results, the direct approach most readily fulfils requirements (1) and (2). We not only found all obligate carrier women aberrant on direct molecular diagnosis but also identified 22 other women as carriers, of whom only five had been identified by cytogenetic means and of whom one could not be identified as a carrier by RFLP investigations owing to uninformativity. These results are in good agreement with those of other research groups, although two problems have to be faced in identification of female carriers. The first is the possible degeneration of the aberrant band to many very faint bands (fig 4) , which might be washed away during blot washing procedures. This can happen in male patients too, especially with probe pfxa3, but in contrast to women there remains no normal band from the second X chromosome, which can lead to misclassification of the woman as homozygous normal (fig 5) .
The second problem is the fact that the CGG repeat number varies even in normal persons, with an average copy number of 29. We think that this case is an example of extreme Lyonisation. On this assumption, the healthy girl bears the full mutated X chromosome which was preferentially inactivated in such a high proportion of cells that even the dominant character of the mutation was overruled by the large majority of normal X chromosomes.
Despite these drawbacks, carrier diagnosis using the direct approach seems to be very reliable as the problematical cases described above are very rare. Larger numbers of women investigated will make it possible to confirm a precise risk figure for false results in direct carrier diagnosis. The application of PCR is already established for amplification of CGG repeats in normal persons, normal transmitting males, and carrier women with low aberrant copy numbers5 and is capable of delivering more precise data on CGG copy number, but cannot overcome the biological phenomenon of overlapping ranges in normal women and carriers. It may be even more complicated if the DNA of a woman with severely degenerated aberrant bands is amplified.
Diagnosis of the disease itself in affected persons has a high reliability, although we found one man to be clearly false negative compared to cytogenetic analysis. In addition, of those healthy normal persons who were formerly cytogenetically tested positive during a search for carriership, one man and two women were found to be normal on direct diagnosis. Nakahori 
